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A D S O R P T I O N  K I N E T I C S  O F  P R O T E I N  } I I X T U R E S .  A  T E N T A T I V E
EXPLANATION OF , ,THE VROMAN EFFECT"
Peter A.  c, rypersa|*  George l l .  wi l lems'  H.  coenraad Hemker
and  W im Th .  He rmens
Depa r tmen t  o f  B i ophys i cs  and  B iochem is t r y r  B iomed i ca l
cen t re ,  Un i ve rs i t y  o f  L i r nbu rg ,  6200  MD MAASTRICHTT  The
Ne the r l ands
a lP resen t  add ress :  Du t ch  S ta te  M ineg r  Cen t ra l  Labo ra to r y ,
G e l e e n ,  T h e  N e t h e r l a n d s
Abs t rac t :  A  mode l  f o r  P ro te i n  adso rp t i on  k i ne t i c s  i s
D resenEeo .  r n i s  mode l  i nc l udes  d i f f us i on  l im i t ed  adso rP -
t i on ,  adso rP t i on  and  deso fP t i on  ra te  cons tan t s  wh i ch  a re
dependen t  on  t he  su r f ace  concen t ra t i on  and  an  i n t e rac t i on
term for  the mutual  inf luence of  the adsorbed Protein
mo lecu les .  I t  i s  shown  t ha t ,  i n  f i r s t  app rox ima t i on ,
t he  va lues  o f  t he  adso rp t i on  and  deso rp t i on  ra te  con -
s tan t s  a re  exponen t i a l  f unc t i ons  o f  t he  su r f ace  concen -
t r a t i on .  Assum ing  an  adequa te  i n t e rac t i on  t e rm  i t  i s
poss ib l e  t o  show  w i t h  t h i s  mode l  f o r  t he  adso rp t i on  k i ne -
t i c s  o f  a  m i x tu re  o f  p ro te i ns  t ha t  t he  ra t i o  o f  t he  ad -
sorbed proteins is  st rongly dependent on the overal l
su r f ace  concen t ra t i on  even  i f  t he  r a t i o  o f  t he  bu l k  con -
cen t ra t i ons  o f  t hese  p ro te i ns  i s  kep t  cons tan t .  D i f f e r -
ences  i n  i n t e rac t i on  t e rms  f o r  t he  d i f f e ren t  P ro te i ns
o f f e r  a  poss ib l e  exp lana t i on  f o r  t he  pecu l i a r  behav iou r
o f  p l asm i  p ro te i n  adso rp t i on  on  a  su r f ace  a t  d i f f e ren t
d i l u t i ons  o f  t he  p l asma '  t he  so  ca l l ed  "V roman  e f f ec t " .
INTRODUCTION
In  recen t  e l l i p some t r i c  s t ud ies  on  t he  adso rp t i on  k i ne t i c s  o f
t h ree  d i f f e ren t  p ro te i ns '  a l bum in ,  f i b r i nogen  and  p ro th romb in
on  a  doub le  l aye r  o f  phospho t iP i d ,  a  mode l  f o r  p ro te i n  adso rp -
t i o n  k i n e t i c s  w a s  d e v e l o p e d  ( I , 2 . 3  , 4 1  .  T h i s  m o d e l  i n c l u d e s
d i f f us i on  l im i t ed  adso rp t i on ,  adso rp t i on  and  deso rP t i on  ra te
constants kor. ,  and kof f  which are dependent on the surface con-
cen t ra t i on ,  i nd i ca t i ng  i n t e rac t i on  be tween  adso rbed  P ro te i n
mo lecu les .  I t  was  shown  t ha t ,  i n  f i r s t  app rox ima t i on ,  va l ues  o f
kon  and  ko f f  a re  exponen t i a l  f unc t i ons  o f  t he  su r f ace  concen -
t r a t i on .  Us ing  t hese  resu l t s  i t  i s  p resen t f y  shov tn  f o r  a  m i x -
t u re  o f  p ro te i ns  t ha t  t he  ra t i o  o f  t he  adso rbed  p ro te i ns  i s
s t r ong l y  dependen t  on  t he  ove ra l l  su r f ace  concen t ra t i on  even  i f
t he  r a t i o  o f  t he  bu l k  concen t ra t i ons  o f  t hese  p ro te i ns  i s  kep t
cons tan t .  D i f f e rences  i n  i n t e rac t i on  t e rms  f o r  t he  d i f f e ren t
p ro te i ns  t hus  o f f e r  a  poss ib l e  exp lana t i on  f o r  such  phenomena
as the replacement of  f ibr inogen by Hl tWKfand, more important ly '
*,lHlxrlK: High lblecular vieight Kininogen
/MODEL OF PROTEIN SORPTION
rhe observed va lues  o f  k ( r ) : l t  and  k ( r ) : l :  a re  approx imated by
the fol lowing exponential relat ions
k( r ) : l t  =  k*  . -o r  and k ( r , : l ;  =  k -  
"+B i
where  o  and B are ,  respec t ive ly ,  the  in te rac t ion  cons tan ts  fo r
the  adsorp t ion  and desorp t ion  o f  th is  par t i cu la r  p ro te in  (3 r4) .
Protein adsorption is then described by
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a lso  o f fe r  a  ten ta t i ve  exp lanat ion  fo r
adsorp t ion  f rom d i f fe ren t  d i lu t ions  o f
i V r o m a n  e f f e c t "  ( 5 r 6 ) .
w i th
the  d i f fe ren t  types  o f
p lasma,  the  so  ca l led
( c n 3  / v g / s l
( L / s l
1 p97on3 )
( c m 2  /  s l
(cn1
$ . =  * ; e n  ( r ) ( r n a x  - r )  c o  -  t a P P ( r )
f  = surface concentrat ion (ug,zcm2)
rfeer rt = k* 
"-ll D,/(D+ dk+ "-or { t*.*-r ) )
kaPP(  r )  =  k -  e*F '  D / (D+6k+ e-o '  ( rm"x- f ) )
Cb =  pro te in  concent ra t ion  in  the  bu lk
D =  d i f fus ion  cons tan t  o f  the  pro te in
$  =  th ickness  o f  the  uns t i r red  layer
The adsorption rate functions presented in Fig. 1 are approxi-
tna te ly  egua l  to  exponent ia l  func t ions  (2 r3 ,41 .
Preadsorp t ion  o f  o .O8 vg /cm2 f ib r inogen apparent ly  causes  a
shift  in the adsorption rate function of prothronbin that
amounts to an approxirnately equal quanti ty ( ug/cm-) of pro-
th rombin .  Hencerwe assume tha t  equat ion  (1 )  a lso  is  va l id  fo r
the descript ion of the adsorption of a mixture of two proteins
i f  the  f  in  the  r igh t  hand s ide  o f  ( I )  i s  rep laced by  the  to ta l
amount  o f  adsorbed pro te in : I  = f l+ f2 .
The equ i l ib r ium assoc ia t ion  cons tan t  Ka is  de f ined by  Ka =
rfPPTlaPP and equals
K " = k i P P / r a P P = K e - Y r
where . l=  sag and K =  k* , /k -  i s  the  assoc ia t ion  cons tan t  in  the
l in i t  o f  low sur face  coverage.
\
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F i g . 1 .  T h e  e f f e c t  o f  t h e  p r o t e i n  s u r f a c e  c o n c e n t r a t i o n  I  o n
the value of the adsorption rate function of prothronbin (20
ug, /n l )  on  a  doub le  layer  o f  phospho l ip id  (Dops) .  0 .05  i l  T r is -
H C l  p H = 7 . 5 ,  0 . 1  M  N a C l  a n d  1 . 5  m M  C a c L 2 .
O:  n i thout  p readsorp t ion ,
l :w i th  0 .08  ug , /cm2 f ib r inogen preadsorbed
For a trdo component system in equi l ibr iun i t  is derived that
t r " q / t r "n  =  I  (K r  c l o l / lK2  c ro ) l  e - ( v1 -Y2 ) feq
w i th  f n  =  t l . q  *  t 2 "n .
This equation shor'rs that the ratio of the adsorbed proteins is
dependent on leq. If t"n t" changed, for instance by changing
the values of  crO and crO by the same di lu t ion factor ,  the
rat io  of  the adsorbed quant i t ies of  prote in wi l l  a lso change.
COMPUTER SIMULATIONS
A computer  s imu la t ion  o f  th is  mode l  i s  sho i rn  in  F ig .  2 .  I t
shows that although the rat io of protein concentrat ions in the
so lu t ion  does  no t  change upon d i lu t ion ,  there  is  a  d ras t ic
change in the rat io of adsorbed proteins. The protein nith the
high K dominates at low surface coverage, whereas the protein
?
/
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l r i th the low y wil l  dominate at
0. a5
L vq/cm'
h igh  sur face  concent ra t ion .
0 . 6  0 . 8
dilution factor
0 . 4 0
0 .  r 5
0 .  1 0
0 .05
0 .00
0 . 0
Fig .  2 .  The concent ra t ions
t ion  o f  d i lu t ion .  K t  CIU =
v9, D/ 6 = I0-3 crn/s
of two adsorbed proteins as a func-
t . )
I 0 - '  K 2  C r O  =  1 0 ,  y l  -  ' t Z  =  4 5  c m - /
DISCUSSION
Fibrinogen displacement is not observed in HMWK deficient plas-
ma (5,7) and this suggests some special property of the ttMwK
molecu le  resu l t ing  in  a  low va lue  o f  the  in te rac t ion  cons tan t
a t  phys io log ica l  pH.  Indeed, i t  i s  known tha t  the  l igh t  cha in  o f
HUWK is responsible for the binding to negatively charged sur-
faces  and th is  l igh t  cha in  has  a  ra ther  un iqueamino ac ld  com-
pos i t ion  w i th  an  average isoe lec t r i c  po in t  a t  p l t=7 .4 .  Th is
implies that a large part of the nolecule is uncharged at phy-
siological pH lrhich could favour a low value of y. I t  is tempt-
ing to speculate about such relat ions between the values of
Y for dif ferent proteins and their anino acid composit ion and
func t ion .  The same is  t rue  fo r  a  poss ib le  regu la to ry  ro le  o f
changes in the value of y as a result of local tr iggers such as
changes in pH or calcium concentrat ions. Such changes could
cause altered conposit ions of a mixture of adsorbed proteins.
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